0 



Europilschos Patentamt 
European Patent Offlee 
Offico europden daa brovets 



0 Publication number: 



0 325 364 

A2 



<5) EUROPEAN PATElfr APPLICATION 

® Application number: 893002410 ® CI/: H04N 1/46 

@ Date o1 filing: 12,01.89 



® Priority; 19.01.88 US 145174 

® Data of pubfication of application: 
26.07.89 Bulletin 89/30 

0 Designated Contracting States: 
OEFRQB 



© Applicant Hewlett-Packard Company 
3000 Hanover Street 
Palo Alto Cettfomle 94304<VS) 

@ Inventor VIncentp Kent 0. 
20883 Sola Street 
Cupertino Calltomla 9B014{OS) 
inventor Neumann. Hene D. 
1011 Parma Way 
Loa Altoe Caltfomla 94022(U8) 



© Representative: Colfian, Stephen James et al 
CARPMAEL9 & RANSfORD 43 Bloomabury 
S<|uara 

London WC1A2RA(QB) 



0 Two-dimensional color detector. 

® The present invention employs a spectral and 
spatial combiner (132) ttiat is capable of maintaining 
equai optical patli lengths of each spectral beam so 
tl^at a single combined bean (148) can be produced 
and can be employed in a number of different ap- 
plications such as a color camera device (Figure 28). 
a color recording device (Rgure 23), a graphics 
presentation device (Rgure 27), an electronic color 
filter device (Figure 30), a cotor projector device 
(Figure 25) and a multi-channei opttcai communica- 
tion device (Rguf^s 31 and 33). 
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7W0-WMENSI0HAL COLOH DETECTOR 



Background of the Invention 



A. Raid of Invention 

The present invention pertains generally to op- 
tics and more speciflcaJly to color aeperator*, color 
corDbiners and inventions utilizing color separators 
and color combiners. 



B. Description Of The Background 

Color imagers Include color video cameras and 
color scanners for commercial printing. Cotor im- 
agers transform coter f«ctures Into machine reada- 
ble data. This is accompUahed by dIvWIng a color 
image into many small portions called pIxeJs. The 
color imager separates ttght from each pixel Into 
red. blue or green light Numbers assigned to each 
pixel of the co)or Image represent the red, blue, 
and green light, A fast, high resolution, accurate 
color Imager would enhance the usefulness of 
computers and automate numerous tasks. For ex- 
ample, computers can print and display color im- 
ages. However, the lack of fast accurate, and hlgh- 
reaolutlon means for tranafenring color Images into 
a computer limits the use of this capability. In the 
early prior art discrete optical components, such 
as beamsplitters and coior fitters, separate the col- 
or components of an Image. Olchrote beamsplitters 
have been wWely used due to the combined func- 
tions of these devices as both beamsplitters and 
fillers. Dichroic beamsplitters employ selected mul- 
tilayer dieJectric interference optical Alter coatings, 
hereinafter referred to aa dichroic coatings. Typi- 
cally, color separation is achieved by placing two 
discrete dichroic beamsplitters In the opttoai path- 
way between the projection lens of the imager and 
its photosensors. TTie first dichroic beamsplitter 
reflects a first spectral band (e,g.. green) to the first 
photosensor while transmitting the remaining spec- 
tral bands to the second dichroic beamsplitter. The 
seccH dichroic beamspHlter reflects a second 
band fe.g.. red) to a second photosensor while 
lrw»smitting the remaining spectral band (e.g., blue) 
to the third photosensor. The disadvantage of this 
afH>roach is that the respective dichroic twamspttt- 
tors and photosensors must be precisely aligned; 
otherwise, the color components will not have the 
prooer optical coincidence. The costly alignment 
process limits the us of this prior art color separa- 
tor. Dichroic beamsplitters (dlchrbk: prism), as we» 
as other pnor art techniques of color scanning are 



descnbed more fully in a Japanese article entitled 
•Image Scanners," OEP November 1980. PP. IB- 
22. As discfosed therein, the dtchrolc prism re- 
quires each sensor to be placed on a different 
s plane. 

Whh the advent of tow-cost solid-state 
photodkxJe array photosensors, various attempts 
have been made to develop k>w cost cotor separa- 
tion t^niques for color scanners and video cam- 
10 eras. 

Solid-state, photodlode arrays with Integral col- 
or tiitws have been commercialized by Hitachi, 
Toshiba, Sony and RCA. These devices employ a 
twoKllmenslonal array of photodtodes on a single 
75 silicon substrato. The anray is coated wttii a gelatin 
layer* into which cotor dyes are selectively Impreg- 
nated, using standard masking techniques. Each 
photodlode Is, thus, gWen an integral odor filter. 
e.g.. red. green or blue, according to a color pat- 
20 tern which Is repeated throughout the array. The 
same technology has been applied to one-dlmen- 
slonal photodlode anray sensors for Hne scanners. 
The tatter devices have been commercialized by 
Toshiba and Fairchlld. 
2S A prtor art cotor Imager using photodlode ar- 
rays Is shown in Rgwre l. The single linear 
photodlode anay 23 has individual organto dye 
filters impregnated over each photodlode in a re- 
petitive red, blue and green pattern. Color separa- 
30 tion. the breaking down of a color image into red, 
blue and green light, is achieved by focusing the 
light beam on the array, as shown in l^gure 1- One 
red. green and blue photodlode grouping 26 pro- 
vidas Information to one color pixel. This prior art 
30 technique has several disadvantages. Since three 
photodlodes supply information to one pixel, the 
pixel resolution Is reduced to one-thtrd. For ac- 
curate color imaglr>g. the lumlnai^a detail and 
chroma of a given color pixel from the original 
40 image must be resolved by three optically co- 
incidental photosensor elements. However, tiie pri- 
or art photodlode anuys do not have color-co- 
incidence. The red Ught is detected from one loca- 
tton» green from another, and blue from a third 
46 tocation. In addition, two-thirds of the light Incident 
or. *acft pnotodioda is lost by filter absorption (e.g^ 
a red niter abscrbs green and blue spectral t)ands). 
in order to increase the resolution, the array 23 
must be lengthened or tho photodlode area must 
50 be decreased. However, either of these approaches 
to increase the resolution will proportionately do- 
crease scan speed. Also, the dye filters have less 
cot r band purtty than dichroic nitera. Thd prior ort 
approach desaturates color sensitivity and Is other- 
wise spectrally inaccurate. 
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Another prior art cotor Imager using photodicde 
arrays has a folattng color wheel composed of 
colored fiitor seomenls. T^e lens focuses a line 
image of the ortglnal obl«;t on a linear photodicde 
array. The rotating color wheel filters the prelected 
line Image In a repeating color sequence, e.g.. red. 
green, blue. The signal for each color component 
of a given line Image is stored digitally until aU 
three cotor components have been detected. The 
signals are then reordered in memory to assign 
three color values to each pixel In the line image. 

The color wheel color separation technique has 
th© advantages of utilizing the hill resolution of the 
photodiode array as well as utilizing dichroic Altera. 
However, it has several disadvantages. The scan 
speed is one-third of the Integral sensor/filter scan 
spaed, since only one of three colors Is detected at 
a time. Also, further speed reduction results from 
transitions between filter segments during roUtion 
of the wheel. When the color wheel and scan line 
are continuouety driven, as opposed to synchro^ 
nousty "stepped-, the effective resolution of the 
photodiode an-ay Is diminished in the scan direc- 
tion by the movement of the scan line through the 
color cycle of the color wheel. Another disadvan- 
tage Is the size of the color wheel which limits 
device extensibiUly. Page-width "contacr or 
-traversing head" type scanner ©mbcdimsnts be- 
come Impossible or unwieldy. Further, this prior art 
device Is burdened with a large moving mechanism 
and the control of this mechanism. 

The Sharp Corporation of Japan has introduced 
a third prior art color separation technique tor color 
document scanning. The Sharp scanner employs a 
single photodiode array with three sequentially-fir- 
ed colored fluorescent lamps (e^., red. green 
blue), as the Imaging light source. The sequence of 
signals obtained by the photodiode array Is directly 
analogous to the color wheel color separator. That 
Is, the input to the photodiode array Is a sequential 
input of the red, green and blue components of a 
given original line image. Ukewise. the photodiode 
signals for each color component are digitally 
stored and reordered in memory at the end of each 
color cycle. 

Uke the color wheel color separator, the tri- 
colored tamp approach provides imaging means 
that utilize the full resolution of the photodiode 
array. Several shortcomings, however, limit the 
speed and color integrity of the Imager, tn order to 
obtain correct color separation, the light output 
from each lamp should be extinguised before the 
firing of the n xt lamp In sequence; blended lamp 
output produces undersaturated color detection. 
Scanning speed, as a result, Is limited by the 
persistence time of the phosphors utilized in each 
fivor««e«M lamp Of thB abllltv to dynamically sub- 
tract out the signal produced by the decaying tight 



output of a previously fired lamp. Color inisgrlty is 
further limited by the selection of phosphors having 
persistence vatuee suffidently low to meet com- 
mercial scan speed specifications. Typically, exter- 
6 nal absorption filtering of the lamps is required to 
obtain the desired spectral characteristics or each 
tamp output As with the color wheel color separa- 
tor, when the scan Pre Is continuously driven, as is 
desirable for scan speed, the effective resolution of 
10 the photodiode array is diminished in the scan 
direction by the movement of the can line through 
the color cycle of the sequentiallyflred lamps. The 
size and bulk of the optical system comprising the 
three lamps Rkewise restricts device extensibility 
15 toward •contact" or "traversing head" type scanner 
appik^atlons. 

Cotor combiner devices suffer from many of 
the same disadvantages and limitations as the col- 
or separators set forth above. A color combiner, as 
20 defined herein, comprises an optical device for 
taking individual color components and spatially 
and spectrally combining each of the individual 
beams into a single optical beam wherein each of 
the Individual color component beams have co- 
26 Incident optical axes. The prior art does not dis- 
close any device that Is capable of combining 
individual spectral beams, as described. In a sim- 
ple and easy manner. 



30 



Summary of the Invention 



The present invention overcomes the disadvan- 
35 tages and limitations of the prior art by providing 
an optical device for spatially and spectrally com- 
bining a plurality of substantJaUy parallel optical 
beams such that the optical axes of each of the 
plurality of optical beams are coincident and form a 
^ single combined beam and the optical path lengths 
' of each of the individual optical beams Is substan- 
tially equal. The present invention is also capable 
of spatially and spectrally combining beams that 
allows imaging from a single object plane to a 
46 single image plane. 

The present invention also comprises a optical 
color imaging device for generating a color Image 
on an image plane In response to an electronic 
imaging signal using an optical device for spatially 
?7 and spectrally combining a p^^mlity of optical 
beams having different spectrai ranges and spa- 
tially separated optical axes to form a single com- 
bined beam with coincident optical axes. The op- 
tical c lor imaging device can be utilized for pro- 
85 jecting a video image, recording a document scan 
signal, or other similar applications of an imaging 
device. 

The present mvenoon can alau oompno* ft 
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ccior image detector device for gerwatlno a cotor 
electronic image signal representative of a color 
image formed from an image beam focused on an 
image plane by using a spectral separator for spa- 
tially and spectrally separating the color imago 
beam into a pluraWy of optical beams that have 
predetermined spectral ranges and aubstantfaily 
equal optical path lengths. 

The present invention may also comprise an 
electronic color filter device that uses a spectral 
separator for spaHaHy and spectrally separating an 
input optical beam Into a plurality of indh/fdual color 
beams that are spectrally and spatially separated. 
An aperture device can be used to control the 
intercity of each of the color beams. 

The present invention may also comprise an 
electronic color filter that uses a spectral combiner 
to combine a plurafity of color beams from a spec- 
tral separator, or a plurality o* sources of color 
beams. Into a single combined output beam. The 
combiner can be deigned such that the optical 
axes of each of the color beams have substantially 
equal optical path lengths and are substantially 
aligned with a single optical axis. 

ThB present invention may also comprise a 
murtiple channel fiber optic communication device 
that is capable of transmitting multiple channels on 
a single fiber optic by using a plurality of optical 
beams having different spectral ranges that are 
combined for transmission through the fiber opHc 
and are separated after transmission through the 
fiber optic. 

An advantage of the present Invention Is that 
ths spectral separator and combiner optical compo- 
nents are compact inexpensive and easy to manu- 
facture. Another advantage of the present invonflon 
is that the optica! components produce color co- 
incidence within a pixel. That is. each portion of a 
pixel generates all three color components so as to 
provide exact color convergence and line acuity. 
The invention alao providee accurate spectral and 
spatial sepiwation as well as accurate spectral and 
spatial combination. 

The optical combiner and optical separator 
components of the present invention are also ex- 
tremely efficient jn comparison to conventional fil- 
tration techniques since dichrolc reflective layers 
are used. Essentially all of the incident light striking 
fe' -i, * teismitted ''Mth very littte ab- 
sofotion. A conventional fHter typicaUy absorbs tv^o 
spectral bands to transmit one. Sine© essentially all 
of the visible light is utilized, maximum speed is 
achievable for a given optical system. 

Additionally, the optical components of th 
present invention do not require costly optical 

arated by glass plates snd/or precise separator 
devices in the manufacturing process. This separa- 



tion is determined by considering me refractive 
Indices of ttie substances used in the ptical sepa- 
rator and combiner componentt as well as the 
angles of Inddanoe to provide a very precise afign- 
s ment. The optical separator and combiner compo- 
nents provide equal optical path lengths for each of 
the Individual beams with minimal alignment prob- 
lems. 

Also» since the present invention uses substan- 
10 llally parallel, spatially separated, spectral beams 
for botii the combiner and separator optical compo- 
nents, a single object and image plane are em- 
pioyed in accordance with the present Invention. 

16 

Brief Description of ttXB Drawings 



Figure 1 is a prior art color sensor. 
20 Figures 2 and 3 show dtchroic beamsplitter 

plates. 

Figure 4 shows a trichromatic beamsplitter 
made from tire dlchroic beamspiitler plates shown 
In Rgures 2 and 2&. 

25 Ftguras 5 and 6 show ttie photosensor In- 

tegrated circuit and photosensor an-ays, respec- 
tively, used to detect light beams from ttia trichro- 
matic beamsplitter shown in Figure 3. 

Rgure 7 shows the trichromatic photosensor 

30 shown in Figure 5 positioned to detect light beams 
from the trichromatic beamsplitter shown In Figure 
4. 

Rgure 6 shows a construction means for the 
trichromatic beamsplitter. 
35 Rgure 9 shows an aitemate embodiment of 

the trichromatic beamsplitter shown in Rgure 7 
with a prism attached. 

Rgure tO shows the dual trichromatic beam- 
splitter witii an attached prism. 
40 Rgure t1 shows an assembly view of the 

dual trichromatic beamspBtter witfi a prism. 

Rgure 12 shows an optical system employ- 
ing tiie dual trichromatic beamsplitter vrith a prism. 
Rgure 13 shows an isometric view of the 
46 dual trichromatic beamsplitter with a prism. 

Rgure 14 shows an alternate embodiment of 
ths invention. 

Rgure IS is a test apparatus for the lifters. 
Rgure 16 is the sr^*=»ctral transmission of the 
50 filters in Figures 2 and 3. 

Ftgure 17 Is ttie output of the lamp tailored 
to tiie spectral transmission shown In Figure 16. 

Rgure 18 Is a schematic cut-away vi w of 
the trichromatic beamsplitter of tiie present Inven- 
55 Hon mounted witii focusing optics and a tt^ree line 

ceo Dhotodioda array. 
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Figure 19 is a schematic diagram illustrating 
one ombodimwt of the optical component ot the 
present Invention that can function either as a color 
separator or a color combiner. 

Figure 20 Utuetrates another embodiment of 
the optica! component ot the present Invention that 
can comprise either an optical separator or an 
optical comtJiner. 

Figure 21 shows another embodiment of the 
optical component of the present Invention that can 
compriee either an optical separator or optical com- 
biner. U 

Ftflure 22 Illustrates the manner In which the 
plate eeparatlon and angle o* Incidence can be 
varied *n the optical component that can comprise 
either the color separator or color combiner. 

ngure 23 Is a schematic side view of a color 
printer embodiment of the present invention. 

Ftgure 24 Is a schematic plan view of a three 
line liquid crystal display (LCD) shutter device. 

Rgure 25 Is a schematic side view of a color 
projection device. 

Fgure 28 Is a schematic plan view illustrat- 
ing three matrices of a liquid crystal display (LCD) 
shutter. Alternatively. FlQuro 28 can schematically 
represent three matrices of Bght emitting diodes. 

Rgure 27 1$ a schematic tsometHc view of 
both a color Imaging and a color projection device. 

Figure 28 Is a schematic side view of a color 
Imaging device. 

Figure 29 is a schematic plan view illustrat- 
ing three matrices of photo detectors. 

Rgure 30 Is a schematic side view of an 
electronic color filter device. 

Rgure 31 is a schematic side view of a 
multiple channel fiber optic communication device. 

Rgure 32 is a schematic representation of 
the use of three color lasers as an optical source. 

Rgure 33 is a schematic side view of an- 
other embodiment of the multiple channel fiber 
optic communication device. 

Detailed Description of tfje Invention 



Rgure 2 illustrates a single layer dlchroic op- 
tical component that comprises a substantially 
transparem optical support medium 80. such as a 
giass plate, that is optically fiat and a dlchroic layer 
50 that is deposited on one side ot the glass plate 
60. As shown in Rgure 2. an input optical beam Si 
Is split into two spatially and spectrally separated 
optical beams 53 and 65. Dichrolc layer 50 reflects 
optical radiation having a predetemiined 
waveiengtti and transmits all other radiation along 

opttoai beam 55. 8oc»ued tho inda« of refraction of 

air Is 'different than the index of refraction of giass. 



the portion 57 of optical beam 55 Is refracted at a 
different angle through the glass plat 60. 

Figure 3 illustrates the manner in which a giass 
plate 92 can be coated on two sides with two 
s dlchroic layers 52 and 54 to split an Incoming 
beam 59 Into three spatially and spectrally sepa- 
rated beams 61. 63. 65. Optical beams 61 and 63 
are bwismrtted in parallel directioiw as a result of 
the parallel faces of substantially transparent op- 
10 tical support medium 62. 

Rgure 4 illustrates the manner in which two 
optically flat transparent optical support media 60 
and 62 can be attached to provide tfiree substan- 
tially equally spaced dlchroic layers to produce 
I? three substantially paraliei optical beams 6. 9, lO 
that are both spatially and spectrafiy separated, in 
accordance with the present Invention, precise 
spectral and spatial separation of a prolected line 
image Is achieved through composited dlchroic 
20 beamsplitters, as shown in Rgure 4. The optical 
separator 56 consists of precisely ground and pol- 
ished glass plates 60 and 62 coaled on one or both 
faces with dichroic coatings 50. 52. and 54. At each 
dlchroic coating 50. 52. and 54. Incident light is 
25 either reflected or transmitted according to 
wavelength with negligible absorption loss. The 
composition of the dlchroic coatings 60. 52. and 54 
car be designed for accurate bandpass filtration. 
Dlchroic coatings are well known b\ tiie art of 
M optics. DlchTote coatings typically consist of 20 or 
more alternating high and low refractive index op- 
tical layers vacuum-deposited to an accumulative 
thickness of, typically, about one to three microns 
on a glass surface. The material composition and 
35 method of deposition can be designed for very 
accurate spectral bandpass fihration. A variety of 
dichroic filters, consisting of a single glass plate 
front surface coated with a dichroic coating, are 
commercially available from a variety of sources 
40 (e.g.. Optical Coating Uboratory. Inc.. located In 
Santa Rosa, California). 

The p*ate 2, shown in Figure 4. Is designed 
such that Incident light striking dichroic coating 50 
at 45 degrees reflects blue light (approximately 400 
46 - 500 nm.) while transmitting rod light and green 

Plate 3. shown in Figure 4. is coated on both 
faces with dtehroic coatings 52 and 54 such that 
incident light strildng a first dlchroic coating 62 at 

50 nominally 45 degree reflects the red spectra! band 
(e.g.. 600 -700 nm,) while tfai&nltting green 
band. The green light striking a second dichroic 
coating 54 and having an optica axis oriented 
nominally 45 degrees from the dichrote coating is 

Ts reflected. TT\e reflected green light is caused to 
pass back through, the glass plate 82 and through 
the other dichroic coatings 52 and 50 at a 45 
degrees angle. As shown in Figure 4. eacn ot tne 
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components a. 9 and 10 of tho inctcfent UgM ere 
refiected at 90 dogrow to Incoming beam 67. The 
reflected red and green components d and 8 are 
parallel and separated from each other by a dis- 
tance determined by the glaaa plate 82 and dlch- 
roic coating thickness 54. the plate ea and the 
angle of incidence. Similarly, the blue and red 
components 10 and 9 are separated by a distance 
determined by the thiclcnesa of glass plate 60, 
dichroic coating 50. the Index of refraction of the 
ptate SO and the angle of Incidence. 

A trichromatic separation of an Incident light 
beam can be achieved through a composite of 
beamsplitter plates 2 and 3. as shown In Figure 4, 
Each of the three spectrailytailored dichroic coat- 
ings 50. 52, and 64. are separated by the thlclmess 
of glass plates 60. 02. Incident Hght striking the first 
dichroic coating, and having, for example, an angle 
of incidence of 45 degrees from the dichroic coal- 
ing, is filtered such that the blue spectral band Is 
reflected. The unreflected bands (red and green) 
are transmitted lo a second dichroic coating 52 
located between the glass plates 60 and 62. Coat- 
ing 52 reflects the red spectral band. Iho remain- 
ing band. i.e.. the green spectral band, Is reflected 
from the third dichroic coating 54. The red and 
green spectral components exit the composite 
beamsplitter 56 through the glass plates 60 and 82 
and dichroic coatings 50 and 52. essentially unper- 
turbed. T^us separated, red. green, and blue com- 
ponents of the inddent fight beam are reflected at 
90 degrees to the principal incident beam with a 
paraltel spatial separation which is solely deter- 
mined by m thickness of the glass plates 60. 62. 
and dichroic coatings 50. 52. and 54. and the 
refractive indices thereof. The order in which the 
reflected color bands have been presented la by 
example only. It is further obvious ttiat a mirror 
coating could be substituted for the third dichroic 
coating 54. since only the third remaining color 
component reaches that coating Interface. 

A suitable photosensor for use with this inven- 
tion is shown in Figure 5. Photosensor n is prefer- 
ably a single chip, single paclcage solid state de- 
vice having three linear photosensor an^ys. 12. 13 
and 14. precisely aRgned and spaced to coincide 
with the focused line images a 9 and 10, respec- 
tively, shown in Figures 4 and 7. Such devices can 
be maaa using /Uiown vxCtsnotogies. ror ^:"Vh;9, 
numerous photosensor array devices are now com- 
merciaiiy available. Most pronrunent are photodiode 
arrays with charge-coupled shift registers (CCD 
photosensors)- Such single line CCD photodlode 
array devices are commercially available from Fair* 
child Semiconductor, located In Palo Alto. Califor- 
nia. TosWDa, lOCZrtaU m Japan, and other com- 
panies. The photosensor array devices have com- 
meraal resolutions ranging from 128 to over 5000 



photoetements per line. The spacing, between 
photoelements typically ranges from 10 to 62 
microns. Thus, the design and manufacture of a 
photodlode array shown in Rgure 5 uses known 
5 technologiee to produce the three parallel 
photosensor arraye 12. 13 and 14. 

As Illustrated In Rgure 6. a distance "D" sepa- 
rates the photosensor arrays 12, 13, and 14. As 
shown in Rgure 7, the distance •0* Is related to 
10 the separatton of the dichroic coatings 50. 52. and 
54. and angle theta of the photosensor 11. The 
distance between photosensors 12 and 13 does not 
have to be equal to the distance between 
photosensors 1 3 and 14. The three photosensor 
fB anays 12, 13, and 14 have common clock inputs 
for synchronization. As is well known In the art, 
integrated circuit photolithography processes are 
capable of aligning and spacing the three linear 
photosensor arrays 12, 13 and 14 lo submteron 
70 precision. The combined spatial precision of the 
described trichromatic beamsplitter 56 and three 
photosensor array detectors, 12, 13 and 14, allows 
accurate coincidence of the detected Images with 
the single tine Image of the original. 
25 The preferred anangement of trichromatic 
beamsptttler 58 and photosensor 11 Is shown in an 
end view in Rgure 7. Due to the variations In path- 
length-thmugh-giass between the tttree separated 
color components* tjeanwplttter 56 and photosen- 
30 sor 11 are mounted to heve an Indusive angle less 
than 80 degreeSt typically 80 degrees for nominal 
glass refnw:ttve index. The Inclusive angle is in- 
dependent of the focal distance between the lens 
and photosensor. At the indusive angle, the three 
36 separated coior components will properly focus on 
each respective linear photosensor array 12. 13 
and 14. The spatial separation of arrays 12. 13, and 
14 is directly determined by the thickness of the 
giass plates 60 and 62, dichroic coatings 50, 52, 
40 arKJ 54, and the refracttve Indexes d the optical 
support medium 80 and 62* (Standard lens for- 
mulas are used to calculate the angle and separa- ' 
tlon distances.) Trichromatic beamsplitter 56 and 
photosensor 11 are preferably assembled in a 
46 housing that maintains the desired angles and dis- 
tances, and that consolidates the perte into a slngte 
package. 

As Is well known in optics, a focused light 
beam fr/;;^^?xi?ted through as glass plate at an 

50 angte of Incidence other than 90 degrees Is subject 
to oblique sphertcai aberration. This causes astig- 
matism. Increasing gtase thickness and angle of 
incidence exacerbate the astigmatism. The red, 
blue, and green spectral components expert nee 

55 different degrees of degradation due to their dif- 

f<ront p«(h longth through the Qlaas and hloh 

angle of incidence (45 de^ees). This compromises 
the focus and resolution of the color separation 
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technique to the extent that the chromatic fed 
through the trichromatic beamspUtter occur beyond 
the depth o1 locus provided by the imaging lens. 

(n the preferred emtjodiment, the thickness of 
the glass plates 60 and 62 and dtehroic coatings 
50. 52, and 54, and the spetfal separation of the 
three photosensor arrays 12. 13, and 14, in 
photosensor 11 are collectlveiy minlmlied to ren- 
der negligible the othenflrise opticai deficiencies 
and minimize cost. Since thin glass plates (on the 
order of .1 to ^ millimeter) are difficult to grind and 
coat without substantial warpage, a preferred meth- 
od of beamsplitter manufacture wili include a thick 
glass substrate 70, shown in Figure 8. from which 
the trichromatic beamsplitter 58 is buiit up. In this 
preferred method, the thick glass substrate 70 is 
ground fiat polished and coated with dichroic coat- 
ing 54, Glass plate 62 Is bondsd using an opticai 
cement T>ie exposed surface of glass plate 62 is 
then ground f!al and polished to provide the de- 
sired thickness of coating, cement and glass as 
measured through the compoalte. in a like manner, 
glass plate 62 is coated with dichroic coating 52. 
then Iwndod to glass plate 60. at which point the 
surface of plate 60 is ground and polished to the 
desired thickness. Rnally. dichroto coaUng 50 is 
deposited on the exposed surface of piate 60. 
Using said fabrication method, trichromatic Ijeam- 
splitter 56 can be manufactured from relatively 
large giass sheets from which many twamspiitters 
may be cut at minimum part cost 

An alternate embodiment utillies a single pair 
of beamsplitter plates and a single prism. As 
shown in Figure 9, the Incident light beam is 
aligned to impinge a first tjase side 30 of right- 
angle prism 1 at a normal angle and transmit 
therein to the hypotenuse face 32 of the prism 1 
which the light beam Impinges at 45 degrees. The 
composite beamsplitter 36 of Rgure 4. consisting 
of beamsplitters 2 and 3, Is attached thereto. A 
trichromatic separation of the red, green and blue 
spectral components of the Incident iight beam 
occurs as prevtousiy described. The three reflected 
component beams re-enter the prism 1 and are 
directed toward the second base side 34 of lha 
prism. The component beams exit the prism at 90 
degrees to its base side 34 and with an optical axis 
spatial separation (SQRT 2)x where x is the thick- 
ness of the glass, optical cement and dichroic 
coating between two adjacent dichroic coatings. 
Irrespective of the ions used to focus tnrough 
beamsplitter 56. the three component light beams 
will focus on a plana oriented at an angle theta • 
arctan 2 (n-l/n) to the second base side 34 of 
prism 1. where n is the refractivo Index of the glass 
prism 1 and beamsplitter plates (for n - 1,517. 
thato " 34^.28 dogrefts). Tha ihrea linear anay 
photosensors 12. 13. and 14, as previously de- 



scribed, are aligned on said plane at angl theta at 
the location of foci of the thr e component beams. 
Trichromatte beamsplitter 56 with the prism 1 al- 
lows a 90 degree angle of incidence to glass and 
6 chromatic focusing to each sensor anray 12, 13. 
and 14, 

In order to align photosensor 11 to be per- 
pendicular to the optical axes of the color-sepa- 
rated beams, the dual trichromatic beamspiltler 
7a with prism 59 shown In Rgure 10 is adopted. In 
this embodiment, the path-lengtifTS-through-glass of 
the color-separated beams are made equal by the 
reciprocal ^angement of the trichromatic beam- 
splitters 36 and sa 
IS As shown in Figure 10. the incident light beam 
is aligned to impinge the hypotenuse face 32 of 
right angle prism 1 at a nomnal angle and transmit 
therein to a first base nde 30 of the prism 1 which 
the light beam Implngee at 45 degrees. The com- 
zo posite beamsplitter 56 of Figure 4 is attached 
thereto. A trichromatic separation of the red. green 
and bhie spectral components ot the incident light 
beBtn occurs as previously described. The three 
reflected component beams re-enter the prism 1 
25 and are directed toward the secortd t)as© side 34 of 
prism 1, each separated beam impinging the sec- 
ond base side 34 at 45 degrees incidence. A 
second composite beamsplitter 58 Is attached to 
the second base side 34 of prism i . The plates 60 
30 and 62 and the dichroic coatings 50, 52, and 54, in 
beamepiltters 56 and 58 are identical. However, ttie 
orientation of the composite beamsplitters 56 and 
58, and the multilayer dielectric coatings 50. 52, 
and 54, on each base side 30 and 34 of the prism 
35 1 are reversed so that the path lengths of each 
component color beam entering and exiting the 
trichromatic prism beamsplitter 59 are identical. 
That Is, a component color beam, such as blue, 
reflects off the dichroic coating 50 on plate 60 
40 located on base side 30. Next, the blue component 
reflects off the dichroic coating 50 on plate 60 
located adjacent to base side 34. In a like manner, 
a red component color beam goes from middle 
filter 52 on base side 30 to middle filter S2 on base 

49 side 34, and the green component reflects off a 
backside filter 54 to a front side filter 54 as shown 
In Figure 10. Reflected beams from the trichro- 
matic beamsplitter 58 adlacent to base side 34 are 
directed out of prism 1, The beams are perpen- 

50 dicular to the hypotenuse side 31 and parallel to 
m incident light beam. The thickness of the beam- 
splitter glass plates, 60 and 62. and the dichroic 
coatings 50, 52, and 54. determine the separation 
of the r fleeted beams. Thus, the dual trichromatic 

s9 beamsplitter 59 provides an equal path lengtii 
through the giass for all color components. Also, 
the light enters and leaves ti^e prism at a normal 
angle of incidsnc , 
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An aftemative «mbodiment of tiichrcmaito 
beamsplitter 59 couW omit prism 1. WHhout the 
prism 1. incicterrt light impingw the beamsplitter 66 
and 58 at 45 degrees, creating astigmatic foci at 
the focal poirrt of photowecr 11. The degree of 
effect due to the astigmatism is a function ot the 
depth of focus of the projection Ions in the accom- 
panying opUcal system, tha spatial separation of 
the various dlchrolc coatings composing the tri- 
chromatic tseamspUtter and the angle of indbence 
of the beams. The primary advantage of such an 
alternative embodiment Is the removal of glass in 
the optical path for which a lens must correct. 

By way of example only, an optical system 
employing the trichromatic beamsplitter 59 of Rg- 
ure 10 is shown in Figures 12 and 13» A similar 
optical system can be employed wrth the beam- 
splitters 58 and 58. and prismless beamsplitter 58. 
in Rgures 7. 9 and 10. re^)^vely, or a beamsplit- 
ter that separates an Incident light beam irrto more 
than three spectral bands through the compositing 
of muHipie beamsplitter plates. A line Image 7 of an 
original object la projected throu^ an aperture 75. 
as shown In Figure 12. by a lens 8 through the 
hypotenuse face of prism 1 such ttiat the optical 
axis of the Incident i>eam is normal to said face. 
Aperture 76 is constructed to block images from far 
away adjacent object lines about the principal ob- 
ject line 7 which would otherwise allow multiple 
separated images to strike the photosensors. The 
incident beam is separated Into its ttiree color 
components as previously described. The blue, red 
and green components emerge from the prism 1 
as line images 8» 9 and 10, respectively. Since tii© 
individual path lengths of the color component 
beams through the beamsplitter 58 are identical* 
the said line images 8. 9 and 10 reside on a single 
plane which is perpendicular to tiie hypotenuse 
(ace of prism 1. The spatial separation of the three 
nne images 8, 9 and 10. Is detem^ined by the glass 
plate spacing of the six dichroic coatings. 50. 52, 
and 64, on the beamsplitter plates 80 and 62. By 
carefully lolerancing the individual thicknesses of 
beamsplitter plates 80 and 82. the spatial separa- 
tion of focused line images 8, 9 and iO can be very 
accurately detennined and maintained. This feature 
is particularly suited for trichromatic photo detec- 
tion on said monolithic solid state photosensor 1 1 
shown in Rgura 12 and 5. Eaci) .iv.^ image. 3 
and 10. is electronically detected by ono of three 
parallel spaced photosensors, 12. 13 and 14. 

An assembly view of the described trichromatic 
beamsplitter 59 is shown in Rgure It. The four 
beamsplitter plates 2. 3, 4, and 5 ar oriented 
about prism 1 as shown and secured togatfier with 

OpUcai coinont according to vt»iid«rd pro^jiJo** ftWd 

optical cement is selected to have matching refrac* 
tive index with the glass. Typical optical cements 



are polyester or acrylic bases, tn the assembly 
process It Is Important to minimize ghx One ttiick* 
ness. preferably micron to submlcron glue films, to 
minimlzd random variation In the spacing of tiie 

s dlchrolc coatings on the beamsplitter plates. This is 
typically accomplished by the application of heat 
and pressure to the composite structure during the 
adhesive process. 

Referring now to the beamsplitter dlmensfonlng 

10 shown in Figure 10. assuming the dlchrolc coatings 
SO, 52, and 54 are separated by a distance X> the 
Incurred separation of tiie three focus line images 
8. 9 and 10, win be (SQRT 2)(2xK The separation 
of tire dielectric optical fUtars. 50. 52 and 54, Is 

16 dominated by tfie glass plate tiiicknass (the fUter 
50, 52 and 54 ttilckness is typically 3 micmmeter 
for standard dichroic coatings). Thus, ttie glass 
plate thickness principally determines tine separa- 
tion between Image lines 8, 9 and 10. Variations In 

20 image lines 8, 9 and 10 separation are detennlned 
by variations In glass plate separation. For exam- 
pie, to maintain Image lines 8. 9 and 10» a spacing 
tolerance of 7 microns (one-haif of standard 13 
micron photoelement) a glass plate tiiickness toler- 

26 ance of 2.6 microns (0^1 inch) Is required. Such 
glass thickness accuracy Is available using conven- 
tional grinding and polishing procedures and eouip- 
meni 

The color component's path length through ttie 
3Q trichromatic beamsplitter 59 is (2)*^A + 2(2)"*X 
where A Is the dimension of a base side of prism 
1, as shown in Rgure 7A. Reasonable small vari- 
ations in the base and plate dimension can usually 
be handled by normal deptii of focus characteris- 
36 tics of most lenses. 

As previously indicated, tins line images 6, 9 
and 10 and photosensor arrays 12. 13, and 14 
preierably have matched spacing. Thus, tiie spac- 
fng between photosensor arrays 12, 13, and 14 
40 should be (SQRT 2)(2)() when ti»e spacing between 
the dlchrolc coatings SO, 52 and 54 Is x in beam- 
splitter 59 as shown in Figure 10. Thus, an array 
spacing of 1.0 mm required a beamsplitter plate 60 
and 82, mickness of .35 mm. for beamsplitter 59. 
46 Under normal conditions, dichroic coatings 50. 52. 
and 54. applied to glass plates of such small thick- 
ness will cause a mild bowing of the glass plate. 
During assembly of beamsplitter 59. however, the 
bow car be removed by ^^.'^t^* - adherence and 
so conformity to ti^e rigid flat surface of the prism 1, 
Reasonable minimum anray spadngs for CCD 
photodloda arrays are about .2 to .3. Sudi mini- 
mum spacings dictate beamsplitter plates 60 and 
62. on the order of .07 to .2 MM. thick, depending 
55 on the beamsplitter embodiment utilized. To 
ocKtdvo thaco dimensions In manufacture, th pre- 
viously described fabrication technique of Rgure d 
is recommended. It Is obvious tivat tiiis technique is 



8 



15 



EP 0 325 364 A2 



16 



applicable to all of the aforementioned trichromatic 
beamsplitter emk)odlmerrts. 

The profile view of Figure 12. has the appear- 
ance of a "projection" imaging apparatus. Ttiat Is. 
a relatively long object lirw 7 Is projected Into 
smaller Image linos 8. 9 and 10 via lens 6. In such 
a system, the photoelements 80 shown in Figure 6 
In the photosensor amsys 12, 13 and 14 must be 
proportionately smaller than the desired scanning 
resolution of the ortginal. The advantages of such a 
''prplectton" type scanning device is the oae of a 
small photosensor arrays 12, 13 and 14, 

The present Invention is not Umlied to 
-prelection" optics and. In fact is quits extensible 
Into other product and appUcatlon forms. In particu- 
lar, the present trichromatic beamsplitter 59 and 
three linear array photosensor 11 can be packaged 
with a fiber array lens 15 to produce a "contact" 
type scan head 57, shown In Figure 14. "Ck)ntact" 
type scan heads 57 principally use (enses with 
unity magnification. As such, the lens and sensor 
can be compacted In close proximity to the origi- 
nal. (The ecan head does not actually contact the 
original as the name wouW imply.) 

Rber an-ay tenses 15 are well Icnown in the 
imaging field and are a product of Nippon Sheet 
Glass (Japan) under the name SelFoc Lens. The 
fiber array lenses 15 are availaWe In small and long 
length such as page width- The fiber array lenses 
15 are made of glass fibers of given length. Each 
nber acta as an Individual lens since chemical 
treatment varies the refractive index as a function 
of its radius- In this Instance, the lens array 15 
projects the line image of an original 7 through the 
trichromatic beamsplitter 58 to three linear array 
sensor 11. The length of the lens array 15, beam- 
splitter 69 (or other previously described beamsplft- 
ler embodiment) and photosensor n, as it moves 
Into the page In Figure 14, is determined by the 
application; relatively long lengths for page width 
scanning (e.g., 8.5 Inches long) or short lengths for 
"traversing" type scanning in which the scan head 
57 is caused to traverse bacic and forth over the 
original object by an extemai mechanism. For 
equivalent scanning resolution, the contact (unity 
magnification) type scan head 57 shown in Figure 
14 requires proporttonstely less stringent tolerance 
on beamsplitter plates 2. 3, 4 and 5 sickness in 
comparison to the projection type scanner shown 
in Figures 12 and 13. On the other hand, for 
equivalent scan width, the contact scanner 57 must 
be proportionately longer as measured by the ratio 
of the lens magnifications, unless the scan head 57 
Is traversed across the original. 

A slgnlflcam advantage of dichroic coatings 50. 
52 and 54 over other filtration techniques is design 

vofootillty with rvspoQt *>»ndpa«« wavalonoths 

and th slope and crossover characteristics of the 



band pass. Very sharp step function bandpass as 
well as controlled slope crossover with adjacent 
cotcr bands is controller by a number of layers* 
material type, and coating layer thicknesses in a 
6 given flUer. In the visible spectmm very clean ban- 
dpass dlscriminaflon can be achieved between red, 
green and blue or cyan, magenta and yellow. By 
contrast conventional organic dye filters, as used 
in the prior art, are typically not as well-defined and 
10 U6u*ny have close band or multiple band filtration 
charactertsHcs which ultimately prevents accurate 
color separation, usually due to undersaturation of 
a given detected trichromatic color. 

The teachings of the present Irwention have 
IS been principally applied to color document scan- 
ning. Scanned document images, in this instance, 
are displayed on a color monitor. The accuracy of 
the color separation Is Judged by the likeness of 
ttio displayed Image colors to that of ttio original 
20 document. To obtain color fidelity, the color sepa- 
ration must match tiw spectral characteristics of 
tiie individual red, green and blue phosphonjs In 
ttie monitor display screen. This was successfully 
achieved by using dlchrofc beamsplitters 10 and 17 
25 and a phosphor-tailored fluorescent lamp 22 in a 
test apparatus* depicted In Figure 16. The test 
apparatus utilizes tiiree single linear an^y CCD 
photosensor 18. 19 and 20 {Toshiba TOO 102C-1) 
with a 2048 element array. 
30 Referring to Rgure 15, a fluorescent fight 
source 22 illuminates the surface of an original 
documem 21. A line Image of tiio original seven is 
projected onto a beamsplitter assembly, consisting 
of dichroic beamsplitters 16 and 17. by lens 0. 
36 Boamspiitiers 18 and 17 are rtat glass plates coat- 
ed on one side with dichroic coatings 50 and 52. 
respectively. Beamsplitter 18 is designed to reflect 
blue light v^ile transmitting red and gtsm spectral 
bands. The blue light is reflected to a first CCD 
40 Bnear-array photosensor 19. with beamsplitter 16 
tilted at 45 degrees to the incident light beam. 
SeamspRtter 17 reflects red light to a second CCD 
photodiode anray sensor 20. The beamsplitter 
plates are Optical Coating Ub commercial blue 
45 and red 45 degrees Dichroic Color Separation Fil- 
ters. The green line image passing tiirough ba&i 
beamsplitter plates is captured by ttio third CCD 
photodiode array sensor 19. Beamsplitter plate 17 
is also aligned at 45 degrees, as shown, 
so Tho band pass characteristics of the collective 
beamsplitter assembly of Figure it? is shown in 
Rgure 16. Although the crossover wavelengths be- 
tween color bands ts clean and spectrally accurate 
for separation, the reflected bands do not share the 
S5 spectral shape and baiarco of tiie output device's 
color palette. Output devices Include monitors and 
hard CODV devices. Spectral accuracy, in tNa case. 
Is most easily provided by spectrally tatiloring me 
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Rght source 22. Fluorescent lamp phosphors can 
be blended to achieve a wide variety of apectra. 
The spectral bandpass characterlsttes of the dich- 
roic coatings 50 and 52. can l» used to choose 
phosphors of the lamp 22 so that the color aepara- 
tion of the coaflngs 50 and 52, will match the 
monJtor's display phosphws. The result of the HP 
Color Model study was a tamp apedficatlon used 
t>y Syfvania Lamp to prototype a scanner lamp 
source 22. The prescribed phosphor recipe (from 
Hewlett-Packard Company) and the spectra of the 
prototype lamp, as made and measured by Syl- 
vania. is shown In Rgure 17. 

The spectra of the spectrailytallored fluores- 
cent lamp as separated by the dichroto beamsplttr 
ters 18 arxl 17 and detected by CCD photodlode 
arrays 18. 19. and 20. produce a color ^amut nearly 
equivalent to standard monitor phosphor output. 

RguF9 18 Is a schematic diagram showing a 
cut away view of the optical component 100 of the 
present invention employed as a trichromatic 
beamspfitter device. As shown in Rgure 18, an 
input beam 102 is focused by a lens 104 which Is 
held by a lens tiolder 106 capable of focusing the 
lens very precisely on the detector surface of the 
three line CCD array lOa Input beam 102 im- 
pinges upon the optical surfaces of the optical 
separator 100 and is separated Into three predeter- 
mined colors to form three optical beams having 
predetermined spectral ranges that are carefully 
selected by the dtehmic layers placed on the op- 
tical surfaces of the optical separator 100. As 
stiown on Figure 18, the first dlchroic layer device 
100 is disposed such that the angle oJ Incidence of 
the optical axes of input beam 102 Is approxi- 
mately 22.5 degrees. Input beam 102 Is then spilt 
into three spatially and spectrally separated beams 
that are transmitted to a second dlchroic layer 
device 112 which is also disposed at approximately 
22.5 degrees to the optical axes of each of the 
spatially and spectrally separated optical beams. 
The second dlchroic layer device 112 is normally 
constructed in the same manner as the first dlch- 
roic layer device I10 so that the three separate 
opticai beams that are transmitted from the second 
dichroic layer device have equal optical path 
lengths to a predetewnlned Image plane. As shown 
in Rgure 18, me detector device 108 Is disposed 
on the image plane that is jusstannaiiy -orBVTJ to 
the optical axis of input beam 102. Each of the 
three spatially and spectrally separated optical 
beams is focused on a separate line detector array 
on detector 108 so that a line scan of. tor example, 
a document results in each of the colors from the 
Hne scan being d tected simultaneously on the 
cteiector surtaco of dots»ctor loe oo a r©«uU of the 
equal optical path lengths of each of the Individual 
specially separated beams. The dlchroic layer de- 



vices 110 and 112 are precisely held In the posi- 
tions illusirated by a mounting device 114 that 
includes arm support structures 118, 118 and 120 
that extend between two side portions. The support 
5 structure 114 Is open in the central portions to 
allow light to be transmitted to the optical compo- 
nent 100 and subsequently to detector 108. Detec- 
tor 108 Is also precisely tocated in the mounting 
device 114 by way of Interface surfaces 122 and 
TO 124. Signals derived from detector 108 are fed 
directly to circuit board 126 via connectors 128 and 
1 30 that comprise a plurality of connectors. 

Figure 19 Illustrates an alternative manner in 
which the optical component of the present Inven* 
15 tion can be constructed and utilized. As shown In 
Rgure td. the optlcaJ component 132 can be used 
to separate an Input beam 134 into three separate 
spatially and spectrally separated beams 136, 138 
and 140. Wtemathrely, the optical component 132 
20 can be used to combine three spatialty and spec* 
trally separated Input beams 142, 144, and 148, 
into a single combined output beam 148 that spec- 
trany and spatially combines each of the input 
beams such that each optical axes of the Input 
25 beams 142, 144 and 146, are coincident as shown 
by output beam 148. Of course, ail of the opticai 
devices illustrated end described herein can be 
used In this manner as an optical combiner as long 
as the optical axes of each of the spatially and 
30 spectrally beams is aligned property with the op- 
tical component, such as optlcaJ componem 132. 

Figure 19 also Illustrates the manner in which 
each of the dlchroic layer devices 160 and 152 can 
be constructed. As illustrated in Figure 19, dichroic 
35 layer devices ISO comprises a substantially trans- 
parent optical support medium 154 that is coated 
on both sides with dlchroic layers 156 and 158. 
The substantially transparent optical support me- 
dium 154 is supported by spacers 160 and 162, 
40 that are attached to a substrata device 164 having 
either a totally reflective surface 166. or a surface 
coated with another dlchroic layer to provide a 
specified spectral range to be reflected from sur- 
face 168. The space between the surface 166 and 
46 the dlchroic layer 158 can comprise an air gap o*" 
can be filled with an optically transparent medium 
or can be evacuated, depending upon the appllca- 
don of the optical component 132. As shown in 
F{;ur9 19, ths optically transparent support me- 
50 dlum 154 can comprise a glass plate that has a 
Wgher refractive index in the surrounding air. caus- 
ing the individual optical beams to be refracted at 
different angles. Since the optical surfaces are re- 
versed in dichroic layer device 162, the optical 
56 path lengths are adjusted so that they are equal in 
lonQth to « plane that Is eubatantially normal to the 
optical axes of each of the Individual beams. Of 
course, the same Is true wh ther the optical com- 
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ponent 132 (8 being used as a color separator or 
col r combiner. The (JHterenc© In Ih refractive 
Index of the gJass plate versus the air gap does not 
cause a change in optical path tengths due to the 
fact that the surfaces from which the Ijeams are 
reflected is reversed on the subsequent dichrolc 
layer device as long as the glass piete has an air 
equivalent path tength of the air gap. 

As llluatratBd in both Rgures 18 and 19, the 
angle of Incidence is approximately 22.5 degrees 
for each of me dichrolc layer devices. The low 
angle of incidence and the very small plate size 
that Is used in many appKcatlons results in minimal 
astigmatism so that more expensive optical prisms 
can be eliminated without r»ot»c©able degradation of 
optical quality. 

Figure 20 illustrates an optical component 168 
tiiat can be constructed in an alternative manner. 
Optical component 168 can comprise first and sec- 
ond dichrolc layer devices 170 and 172. that can 
be used for either spectrally and spatially combin- 
ing or separating optica! beams. As shown, dichmic 
layer device 170 has a substantially transparent 
optical support medium 174 that has dichroic lay- 
ers I7e and 178 disposed on two sutwtantially flat 
sides. The substantially optically transparent sup- 
port medium 174 Is attached to a substrate 110 
having either a totally reflective surface 182. or a 
surface coated with anotiaer dichrolc layer to pro- 
vide a specified spectral range to be reflected from 
surface 186 by way of an optical glue 184 that is 
capable of transmitting substantially all optical radi- 
ation. The optical glue, such as previously dis- 
closed above, can have an index of refraction that 
closely matches the optically transparent support 
medium 174 to prevent a change in the angle of 
refraction witiiln the dichroic layer device 170. As 
mentioned previously, the optical transparent sup- 
port medium 174. for many applications, must be 
very ttiln to produce the desired spacing between 
tiie beams. Coating of the dichrolc layers 176 and 
178 on the glass plates 174 may result in a bend- 
ing or warpage of the optical transparent support 
medium 174. However, substrate 180 has sufficient 
ttilckness to prevent warpage and has a substan- 
tially flat reflective surface 182 to which tt^e optical 
transparent support medium 174 can be attached 
by way of the optically transparent glue 184. Prop- 
er attachment of the optical transparent support 
jnediu,7- 174 to the substantially flat reflective sur- 
face 182 can provide sufficient support to maintain 
a substantially flat surface on optical transparent 
support medium 174, Of course, the tiiinner tiio 
glue layer is betwe n optical transparent support 
medium 174 and the substantially tiat reflective 
surface i82, the stiffer the glue line becomes 

which. In tum. further restricts rotative movement. 

To provide even additional support, a glass plate 



with a thin layer ot adhesive on both sides can b 
used In place of the optical glue 164. Again, dich- 
roic layer device 172 would typically be construct- 
ed In the same manner as dichroic layer device 
6 170 to simplify tine overall optical component 188. 
Figure 21 Illustrates an alternative manner of 
constructing a dichroic layer device 186. Again, 
Rgure 21 illustrates that the dichroic layer device 
188 can be used either as a beam splitter or a 
10 beam combiner. 

Additionally, only one composite dichroic com* 
ponent 188 is illustrated, alttiough additional com- 
posite dichrolc component devices can certainly be 
utilized to equalize optical path lengths and direct 
16 tiie optical beams to different locations. 

Rgure 21 also illustrates that a plurality of 
optical transparent suwxvt nwdia 188, 180, 182, 
194. and 196, can be used to etther separate or 
combine a plurality of beams. Of course, any num- 
20 twr of beams can be combined or separated using 
tiie techniques of ti^e present invention. As shown 
In figure 21. each of ti^a optically transparent sup- 
port medium 188, 180. 102, 194, and 188, have 
dlchrtw layers I9a 200, 202, 204. and 208. dls- 
25 posed on Its front layer. Spacers 208. 210. 212. 
214, 216, 218, 220 and 222, support and separate 
each of tiie optically transparent support media 
188, 180, 182, 184, and 188. Where large separar 
tion' of the individual spectral beams occurs or is 
30 desired, tiie dichroic layer device 188 illustrated In 
Rgure 21 Is ideally suited. The spacing provided 
by spacers 208, 210. 212, 214, 218, 218, 220 and 
222, can be varied to account for tiie Increased 
thickness such as tiie Increased glass ti^lcknesa of 
35 each of the optical transparent support media 188, 
190, 192. 194, and 196. as the beam is transmitted 
ttirough the dichroic layer device 188 to insure 
proper alignment of each of ttie Individual spectral 
beams. Of course, optical glues, angles of incl- 
40 donee, plate thicknesses, use of prisms and other 
techniques, such as described herein, can be used 
in any of tiie devices shown, to reduce ttie effects 
of astigmatism and prevent other possible prob- 
lems. Of course, it should be understood that any 
49 manner of supporting and separating substantially 
parallel dichroic planes can be used in addition to 
tiie glass plates, glue layers, spacers, etc., dis- 
closed herein. The method of support and separa- 
tion of a plurality of dichroic planes is secondary to 
«o the primary Invention disclosed herein which com- 
prises the use of a plurality of dichroic planes 
disposed at an angle to the optical beams tor eltt«r 
spatiaily and spectrally combining or separating the 
beams. Additionally, the last optical ti'ansparent 
55 support medium 196 can be replaced with a totally 
reflective surface as described above. 

Rgure 22 illustrat s ottier implementations of 
ttie optical component 224 ot tne present invonuon. 
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As illustrated In Rguro 22, the 8|>acing d the 
dichroic layer ctovicM 226 and 228 can be 
changed as well as the anglaa o< impingement 
Theta On© and Thrta Two of the optical beams 
with the cfichrolc layers devices 228 and 22a re- 
spectively. Addltionalhr. the total included angle 
theta mree can also be varied to direct the optical 
beams to a predetermined plane, it Is possible to 
maintain equal optical path lengths as wefl as vary 
the spacing betwwn the optical axes of each of the 
individual spectral beams by varying both the angle 
of impingement and the plate thlcKnesses, As men- 
tioned previously, the materials utilized In the dich- 
roic layers devices 228, 228 can also be different 
to change the index of refraction as well as the 
path tength of the optical beams within the dlchrdc 
layer devices to provide an additional manner of 
adjusting the optical component 224 of the present 
invention. For the purposes of simplicity. Figure 22. 
as well as other drawings disclosed herein, have 
been drawn without the angles of refraction Illus- 
trated. 

Figure 23 is a sdiematic side view of a color 
imaging device 230 that generates a coior Image 
on a recording medium 232 (ocated on an Image 
plane. As illustrated In Figitfe 23, an nium.ination 
source 234 provides a source of wWle light which 
Is filtered by fifters 236 to provide three separata 
color beams that have predetermined spectral 
ranges and function as three separata sources of 
illumination. The color filters 236 are located adja- 
cent to a liquid crystal display (LCD) device 238 
that is further illustrated in Figure 24. 

Referring to Figure 24. the liquid crystal dis- 
play device 238 has three linear anrays 240. 242. 
244 of liquid crystal display shutters that are ca- 
pable of transmitting light on a continuously vari- 
able gray scale from essentially a total throughput 
level to approximately opaque in response to an 
electrical control signal. A resolution of approxi- 
mateiy lOOO elements per inch can be obtained in 
LCD arrays, such as ilkjstratod in Bguro 24. As a 
means of comparison, fine grain film may typically 
have a range of resolution of 600 to 800 line pairs 
per mch. Hence, a very high resolution can be 
obtained using LCD shutters. LCD shutters are 
available through several manufacturers including 
Epson Corporation and Sharp Corporation In Japan. 

Referring again lO Figure .w, ^e three oot^cai 
beams 246. 248. and 250, that are transmitted from 
LCD shutter 238 have been adjusted in intensity to 
represent the color intensity of a single line of 
information to be recorded on recording medium 
232 in accordance with the image Information pro- 
vided bv the control signal. Opflcai beams 246. 

£40, a/<0 £60* OTQ Olrvctvd throvgK apHesl compo- 
nent 252. which can comprise any of the optical 
components disclosed herein, and are focused by 



I ns 254 onto the recording media 232, As illus- 
trated, the three separate lines of information pro- 
vided by each of the line matrices 240, 242 and 
244 (Figure 24), Is combined Into a single beam 
5 having coincident optical axes such that each pixel 
element comprises a combination of the three pri- 
mary colors from each of the optical beams 246. 
248 md 250. This results In very high convergence 
and line acuity that is not possible using other 
TO techniques. For example, one method that has 
been contemplated tor recording documents In this 
manner utillxes a CRT color nrvonttor that Is focused 
on a recording document with each of the colors 
sequentially exposed on ttw recording media. Not 
rs only does this technique require three separate 
exposures of the recording media, which is expen- 
sive and time consuming, line acuity and conver- 
gence are extremely low because of the triad of 
colors that are required In CRT coior monitors. 
20 The recording media 232 of Figure 23 can 
comprise a wide range of recording media. For 
example, the present Inventloo could be used for 
presentation graphics by using a special color ex- 
posure paper available from Mead Company. The 
2s Mead paper is coated such thai when it is exposed 
to light, it changes cherrUcaily. The paper is then 
run through a roller which crushes the chemically 
altered coating to produce a coior f«rint Addition- 
ally, recording medium 232 can comprise pholo- 
30 grephic film or any ottier recording medium ca- 
pable of recording optical radiation. Including non- 
vlslbie radiation, Rcllere 256 function to advance 
the recording medium 232 and can be driven con- 
tinuously or in a step fashion using a stepping 
35 motor to correspond to the manner in which the 
control signal is applied to LCD shutter device 238. 
Altematively. LCD shutter device 238 can comprise 
three arrays of light omitting diodes (LEDs) that 
produce three different spectra of light in response 
40 to a control signal. In that case, the Illumination 
source 234 and fitters 238 can be eliminated. 

Rgure 25 is a schematic side view of a pro|ec- 
tion device using the opttcal component 280 of the 
present invention. As illustrated In Rgure 25. the 
46 optical component 260 is constructed In a manner 
similar to optical component 188 Illustrated In Fig- 
ure 21 but can comprise any of the Implementa- 
tions of the optical component of the present Inven- 
tion. As mentioned previously, ^t^-inr; betwesn 
30 the glass plates can be adjusted for the refraction 
produced in the gtass plates. For example, if the 
angle of Incidence Is 22.5 degrees, as schemati- 
cally illustrated in Rgure 25. the angle of the b am 
within the glass plate changes to appr ximatety 
55 14.61 degrees for glass. To account for added 
olas* thickness, each of the spacers must provide 
additional space tor subsequ ntfy deeper layers in 
the optical component 260. Of course, th edva/H 
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tage of the spaced p*ata opticai component 260. 
ittustrated In Rgure 25. and optical component 180. 
Illustrated In Figure 1. is that as tong as the glass 
plates afe thick enough to provide an opticaliy flat 
surlace without .warpage. the spacers provide auto- 
matic alignment of the glass plates to an accuracy 
of approximately two microns. 

Rgure 25 Illustrates a hvsHilmenslonal projec- 
tion device in which an optical source 262 pro- 
duces white light that Is filtered by color filters 284 
which each proiect a different spectral range of 
frequencies. Each of these fillers 264 has a two 
dimensional surface that overlays the LCD m^xes 
268 LCD matrixes 268 are also illustrated in Figure 
26 LCD matrixes 266 comprise three indh/ldual 
matrtx arrays 2ea 270 and 272. which are Individ- 
ually controlled by a control signal schematlcaily 
Hlufitrated by contacts 274. to provide an Image for 
each separate color of the three primary colors. Of 
course, any number of matrixes can be used to 
provide any number of cotors desired, although, 
only the three primary colors are necessary to 
provide a full color display. Each LOO matrix dis- 
play is capable of transmitting a pre-determined 
amount of radiation of each «peclral band at each 
spatial tocatlon of each indivlduaf matrix element in 
e contfnuously variable fashion that is controHed by 
the image control signal 274. The LCD matrices act 
as light shutters and are deposited using pho- 
tolithography deposition precision that allows for 
very high resolution Images. AddWonaliy. they can 
be deposited on a monolithic substrate which aJ- 
lows the matrices to be aUgned with the optical 
beams very easily, provides a very uniform elec- 
trical resporwivity across each matrix, as well as 
between different colors (Afferent matrices), and is 
easy and Inexpensive to manufacture. The three 
iwo-dimenslonal beams are precisely combined in 
the optical component 280 so that each of the 
optical beams 274. 276 and 278. has an equal 
optical path length- The sirrgle spectrally and spa- 
tially combined beam 280 Is then focused by lens 
282 on a proiectfon screen 284 which can be 
designed for viewing either from the front or baclt 
sides. Lens 282 Is schematic in nature and most 
likely will comprise at least a two element lens fPr 
prelection onto screen 284. 

An advantage If the prolection device iJius- 
trated In Figure 25 is that each (wxel element is a 
ju;:^r^imposltion of each of the three coitus, in 
qZbt words, each pixel Is a color composite of ail 
mree colors. This differs significantly from typical 
color CRT screens wherein each pixel Is a separate 
color that the eye optically Integrates into a single 
combined color pixel. In accordance with the 
pres nt invention, a much sharper image is pro- 
duced sine© thAr« is a conv^TQ&ncB of all three 
colors in ach pixel lement. Furthermore, typical 



color CRT screens require a shadow mask to sepa- 
rate each individual color pixel. Since the present 
inventtori has complete color convergence of each 
pixel, shadow masks are not necessary and much 
5 greater picture clarity can t)e obtained. Most impor- 
tantly, the prolection device of the present inven- 
tion does not produce the harmful X-rays that are 
produced by CRTs. 

Atternatively» the device of Figure 25 can be 
JO used as a projection device for projecting an Image 
on a recording medium, tn other words, projection 
screen 284 can comprise a recording medium rath- 
er than a prolecbon screen so that images can be 
recorded in both dimensions simultaneously rather 
)5 than in a single dimension in a serial fashion such 
as Is Illustrated in Figure 23. Moreover, the LCD 
matrix 288 can be replaced by a series of light 
emitting diode matrixes such that the filters 264 
and illumination source 262 can be eliminated. In 
20 this case, each LEO matrix 268, 270 and 272. 
would produce a different spectral range of fre- 
quencies. . 

Rgure 27 is a schematic isometric view of an 
Implementation of the optical component 288 of the 
26 present invention employed as a two dimensional 
color optical component system that could be em- 
ployed, for example, in a color camera. As ii*us- 
trated in Rgure 27. lens 288 focuses an image 
from an object plane 290 through an aperture de- 
30 vice 292 that detemtines the field of view of the 
color camera device illustrated in Rgure 27. The 
Image from the object plane 290 Is focused onto an 
image plane on which three matrixes of detectors 
284, 298, and 288, are disposed to detect the 
3S individual color beams that are separated by op' 
tical component 288. Optical component 288 Is 
shown constructed as a prism 310 having optical 
spacer plates 30O, 302, 304. and 308 attached 
thereto. Of course, any of the optical component 
40 devices disclosed herein can be used In place of 
optical component 288, illustrated in Rgure 27, 
depending upon the precision and expense de- 
sired. A clear advantage of the implementation of 
the present invention Ulustrated In Rgure 27 is mat 
45 each of the detector matrixes 294. 298, and 298. 
can be located in the same plane and adjacent to 
each other so that they can be constructed on a 
monolithic substrate. This eliminates many afign- 
ment problems that are associated with standard 
50 prior art dichroic prism devices and provides a 
unitorm output so that each color intensity f^ed r.ot 
t)e individually adjusted for each use or during tn© 
course of use o1 the camera. Because each of the 
matrixes of detectors 294. 296, and 29a are to- 
ss cated on the same substrate, nearly uniform tern- 
perature gradient pfcvid s for nearly identical varl- 
ationa In output intensity of the signals from the 
detectors. 
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FigofO 28 comprises a schematic aid view of 
a cokjT camera dovlc©. such as illustrated in Rcuro 
27, that uses the spaced plate implementafion. 
such as illustrated in Rgure 21 and Figure 25. for 
the optical component 312. As Illustrated In Bgure 
2B. an aperture device 314 restricts the field of 
view of an image that Is focused by tens 316 onto 
the three matrix detector 3lft 320. and 322. Optical 
components 312 split the single optical tjeam 324 
into three separate color beams 326, 328. ar>d m 
having e<3ual optical path lengths, In the manner 
described previously. 

Rgure 29 illustrates the three matrix detector 
3ia 320. and 322 that are mounted on a mono- 
lithic substrate 332 to prowde a uniform color out- 
put signal. 

Rgure 30 Illustrates an electronic colored filter 
device for filtering an Input optlcat be»n 334 pro» 
duced by an illumination source 336 that Is imagsd 
through a pinhole or line aperture 351 In an ap- 
erture plate 338 to form a filtered output optical 
beam 336, Input optical beam 334 is focused by 
lens 340 through the spectral beam splitter 342 
onto an aperture plane 344 on which a number of 
aperture devices, such as LCD shutters 346. 348, 
and 350. are disposed to vary the throughput of 
light in response to an electrical control signal. LCD 
shutters 346, 343. and 351, can comprise either 
single pinhole apertures or can comprise a linear 
array depending upon whether aperture 351 com- 
prises a pinhole aperture or a line aperture. The 
resultant beams that are projected through the LCD 
shutters 346, 34B, and 350. have an intensity that Is 
adjusted by the electrical control signal that con- 
trols the opacity of the LCD shutter devices. These 
beams are then precisely combined by spectral 
combiner 352 and focused by lens 354 lo produce 
the single combined output beam 336 that is both 
spatially and spectraOy combined and adjusted in 
spectral content in accordance with the electronic 
control signal. Again, any number of color beams 
can be produced in me device illustrated In Rgure 
30 together with a corresponding number of shutter 
devices to provide additional control of the spectral 
content of output beam 335. Also, any type of 
shutter device can be used in place of the LCD 
shutters 346. 348. and 350. Additionally, the In- 
dividual spectral beams can be produced in any 
desired manner and It Is not necs'^$.^*7 
beamsplitter 342 be employed. 

Rgure 31 comprises a schematic side view of 
a multipl channel fiber optic communication de- 
vice 380. Rber optic communication devices allow 
transmission of high bandwidth Information across 
a fiber optic such as fiber optic 362. This allows for 
hign UequBHCy moOutation of an optt^al »ourcd 

such as las r dtode. Laser diodes can be switched 
in the megahertz frequency range. However, the 



demodulated signal at the receiving end constitutes 
a single station signal since only one carrier fre- 
quency is brenamltted through the fiber optic 
The present invention, as disclosed In Rgure 
5 31, overcomes these disadvantages and llmltetions 
by providing multiple canrier signals in the form of 
plurality of spatially and spectrally separated 
beams that have been combined into a single 
combined beam. As Illustrated In Rgure 31, an 
ro optical generator 384 contains a plurality of individ- 
ual and spatially separated optical generators 388. 
368, and 370, each having a different spectral 
range. Each of tiie indh/ldual optical generators 
366, 368, and 370. Is modulated separately by a 
fs separate communication signal via electrical con- 
nectors schematically Illustrated as connectors 372. 
The optical component 374 of the present Invention 
is aligned to combine the Individual beams pro- 
duced by optical generators 368. 368, and 370. Into 
20 a single combined beam 376. The single combined 
beam Is then focused by way of lens 378 Into a 
beam 380 onto the end of a fiber optic 362 for 
transmission to a remote location. 

At tiie remote location^ as illustrated In Rgure 

35 31, the combined spectral beam is transnwtied as 
shown at 382 from fiber optic 362 and focused by 
lens 384 through the optical component 386 of the 
present invention onto a plurality of photo detectors 
388. 390. and 3S2. The optical component 388 

30 spatially and spectrally separates the combined 
beam 382 into Hs spectral components tiiat are 
individually focused on photo detectors 388, 390. 
and 3^2. Alignment of ttie optical component 388 
and selection of the didtroic filter layers allows for 

36 accurate separation of each of these spectral 
bands tiiat is produced by optical generators 366. 
388. and 370. onto photo detectors 388. 390, 392. 

The device of Rgure 31 allows for transmission 
of multiple channels on a ^ngle fiber optic 362 by 
40 virtue of the ability to spatially combine a plurality 
of individual beams having different spectral ranges 
lor tranamlsslon across fiber optic 382 and subse- 
quently separate the optical beam into its spectrai 
components at the receiving end. In this manner, 
45 the present invention provides the ability to trans- 
mit multiple carrier bands on a single fiber optic. Of 
course, as many spectral bands as desired can be 
transmitted and the present invention Is Ideally 
rJt: r: for transmitting multiple spectrai bands si'^ce 
so the dichToIc layers can be designed as notch filters 
to reflect and transmit very nanow spectra! bands. 
Addittonally. the optical signal can be generated by 
any desir d optical source including the aperture 
device 344 illustrated in Ih electron! filter dis- 
ss ctosed In Rgure 30. Also, the optical source 384 
can comprise a series Of Une generators or a matrix 
of generators that can be focus d by I ns 378 onto 
an an'ay of fiber optic cables to facilitate transmis- 
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5ion over multiple fiber optic cables in a simple 
and easy mann r. 

Figure Z2 schematically Hlustratoa the use of 
multiple laser sources 394, 398 ar>d 368. which can 
comprise solid state lasers or gaseous lasers de- 
pending upon the application of the optical source. 
As illustrated In Figure 32, laser 394 Is capable of 
generating a red beam 400 wWIe laser 3C8 gen* 
erstes a blue beam 402 and laser 398 genwatw a 
green beam 404. Again, as many differert optical 
sources can be used as desired to produce as 
many beams as required. User sources can be 
used In any of the applications of the present 
rnventlon illustrsted herein. For example, gaseous 
lasers may be required to produce sufficient power 
for transmission over e)ctended distances over a 
liber optic 392, as illustrated In Figure 31. Addition- 
ally, It may be advantagwus to use gaseous lasers 
in the vartous prt^ectlon systems, such as the 
proiectlon system illustrated In Rgure 25, to pro- 
duce sufficient Illumination of the prt^ection source. 
Also, color holographic projection or recording may 
be Implemented using lasers. 

Rgure 33 shows an alternative implementation 
of the device Illustrated in Rgure 31. As Illustrated 
in Rgure 33. an optical generator 406 capable of 
generating a plurality of spectral beams is com- 
bined into a single beam 408 by lens 411. Lene 
410 combines the individual spectral beams into 
the single combined beam 418 and focussa the 
single combined beam 408 on the end of fiber 
optic 412. The Invention is men implemented In 
substantially the same manner as described in 
Rgure 3t at the receiving end to spatially separate 
the combined beam 414 by way of optical compo* 
nent 416. Each of the Individual spectral beams is 
focused onto a photo detector 418 by way of lens 
420. Because the optical path lengms of each of 
the individual beams is not critical, due to the fact 
that each spectral beam comprises an Individual 
carrlar band, it is t\oi essential that both composite 
dichrolc devices 422 and 424 be employed to 
separate the combined beam 414. Hence, only a 
single composite dichrolc device, such as dichroic 
device 424, is necessary in accordance with the 
invention Illustrated in Rgure 33. 

THa presem invention therefore provides both 
an optical separator device as well as an optical 
combiner device which can be employed in a num- 
'0^ of uniqus implementations. The composite 
dichroic layer devices of the present inventton can 
bo employed m a number of Afferent ways with a 
wide , range of variables to produce the desired 
results and optica* quality. The present invention is 
capable of inexpensively combining or separating 
individual substantially parallel spectral beams 
which eliminates many of me problems involved 
with alignment of compon nts. Additionailv. con- 



struction techniques of th optical component ar 
gr a«y sim^^ifled over prior art devices, such as 
dichroic prisms, allowing for an optical component 
capable of producing comparable or better optical 
5 quality at only a fraction of the cost of dichrolc 
prisms. 

The foregoing desaription of the invention has 
been presented for purposes of Illustratton and 
description. It is not Intended to be exhaustive or to 

10 limit the invention to precise torn disclosed, and 
other modifications and variations may be possible 
in light of the above teachings. The embodiment 
was chosen and described in order to beet explain 
the principles of the invention and its practical 

>s application to thereby enable others skilled in the 
art to best utilize the invention In various embodi- 
ments and various modifications as are suited to 
the particular use contemplated. It is Intended that 
the appended claims be construed to Include other 

20 alternative embodiments of the Invention except 
insofar as limited by the prior ail 
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Claims 



1, A color imaging detector device for generat- 
ing a color electronic image signal representative 
of a cofor image formed from an Image beam (324) 
focused on an imaging plane comprising: 
90 imaging means (318) for focusing said color Image 
beam (324) on said imaging plane; 
spectral separator means (312) disposed between 
said Imaging means (316) and said imaging plane 
for spatially and spectrally separating said color 

39 image beam (324) into plurality of optical beams 
(326.328,330) such that each of said plurality of 
optical beams has a predetermined spectral range 
and optical axes that have optical path lengths that 
are substantially equal to s^d imagnig plane, said 

40 spectral separator means comprising: 

first composite dichrolc means for spatially and 
spectrally separating said color image beam into 
said plurality of optical beams so that each of said 
plurality of optical beams (326.328,330) has a pre- 

4S determined spectral range and said optical axes 
are substantiaBy parallel; second composite dlch- 
foic means for equalizing said optical path lengtiis 
of said optical axes of each of said plurality of 
optical beams (326.328,330) to said imaging plane; 

60 area array detector means (318.320.322) aUgned 
witii each of said plurality or optical beams on said 
imaging plane for generating a separate color elec- 
tronic image signal for each of said plurality of 
optical beams. 

65 2. The color image detector device ol claim i 
wherein said area array detector means comprises 
photodetector matrix anray means (332), 
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3. The cok)r image detoctor device of claim 2 
wherein said pnoto-detector matrix array means 
(332) comprises CCD arroya* 
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